In this study, we investigate the stability of Taylor collocation method for initial value problems in ordinary differential equations. Firstly, we try to show that Taylor collocation method for initial value problem is equivalent to a subset of the implicit Runge-Kutta methods. This equivalence enables us to prove that Taylor collocation method is absolutely stable (A-stable) for the considered equations.
Introduction
There are many efficient analytical methods to solve nonlinear problems [1] [2] [3] [4] [5] . Taylor collocation method is one of them and its principle is simple: the solution of the considered differential equation is represented as a linear combination of known functions and the unknown coefficients in this representation are found by satisfying the associated conditions, and the differential equation at an appropriate number of points in the range of interest. In other words, it is basically a procedure for computing the coefficients in the Taylor expansion of the solution of differential equations. So far, this method has been applied to find the approximate solutions of many equations such as integral, difference, ordinary and partial differential equations [6] [7] [8] [9] . Different types of this method have also been considered by many authors [10] [11] [12] . In [12] , Lanczos discusses a form of this method which he calls the method of "selected points" using a polynomial or finite Chebyshev series to represent the solution and suggests using the zeros of a Chebyshev polynomial for the collocation points at which the differential equation is satisfied. Taylor collocation method shows the best advantage when the functions in the considered problem can be expanded to the Taylor series which converges rapidly. Otherwise, the accuracy of solution may not be good enough.
Stability analyses of some numerical methods have been studied by many authors [13, 14] .There are a wide variety of forms of "stability" that have been studied in various contexts. One of them is zerostability which is the form of stability needed to guarantee convergence of a numerical method as the grid is refined ( 0 h  ). In practice, we cannot compute this limit. Instead we usually perform a CBÜ F Bil. Dergi., Cilt 13, Sayı 1, 2017, 149-153 s CBU J. of Sci., Volume 13, Issue 1, 2017, p 149-153 150 single calculation with some particular time step h . We need to choose the time step as large as possible to decrease the expense of the computation. However, we cannot estimate the size of h required. So, we need another form of stability stronger than zero-stability: Absolute stability (A-stability). Astability is based on the linear test equation. However, it gives also useful information in determining an appropriate time step in nonlinear problems. In this study, we try to show that Taylor collocation method is A-stable by using the equivalence with Runge-Kutta methods.
Taylor Collocation Method
In this section, we briefly give the basic ideas of Taylor collocation method for solving initial value problem. Exact or approximate solution () yx of the initial value problem
is considered in the matrix form by using Taylor polynomials:
where
So taking the derivative of Eq. (2), we have 
Similar computations can be done for the function ( , ) f x y to write it in the matrix form [15] . In order to obtain the Taylor polynomial solution of equation (1) in the form (2) 
In order to get the best approximating solution of the equation, we need to take more terms from the Taylor expansion of functions; that is, the truncation limit N must be chosen to be large enough. But it should be emphasized that choosing N large reveals that the big augmentations of the dimensions of matrices in the solution process. For much more detail about the method of solution see [6, 15, 16] .
Similarity with the Runge-Kutta Methods
In this section, we show that implicit Runge-Kutta methods and Taylor collocation method have common procedure in the solution process. After showing these common procedures, we can discuss the stability of Taylor matrix method by using this similarity.
In Taylor collocation method, we define collocation points
for the interval   
Considering (11) and (12), we can deduce that It is clear that Runge-Kutta methods work in terms of values of the functions whereas Taylor collocation method deals with polynomial coefficients. In fact this is the only difference between these two methods. As in Taylor collocation method, N must be also chosen to be large enough in Runge-Kutta methods to get better results.
A-Stable Taylor Collocation Method for Initial Value Problem
In Section 3, we have shown that Taylor collocation method for initial value problem is equivalent to a sub-set of the implicit Runge-Kutta methods, in the sense that the final values at the end of the step are algebraically the same. In this section, we show that Taylor collocation method is absolutely stable (Astable) by using this equivalence. It should be noted that the stability of a numerical method depends on the problem which it is applied to and the study of absolute stability requires consideration only of equations with constant coefficients. So, we use the model problem y qy   (14) where q is a complex constant.
Stability of Runge-Kutta methods have been discussed by many authors [12] [13] [14] . In [15] , Dahlquist has defined A-stability for the equation (14) in his own efforts . He established that 4th order RungeKutta process is not A-stable. It is also known that, neither explicit finite-difference method nor implicit method of order higher than 2 is A-stable [16] . So, we need to consider implicit Runge-Kutta method of order less than 3 to show that Taylor collocation method is A-stable or to obtain the region of Astability. The simplest example of an implicit Runge-Kutta method is the backward Euler method:
Applying (15) to the model equation (14) yields:
The numerical solution (16) will decrease only if
From (18) With this known, one can also obtain the stability region by sketching the graph of the inequality (17): 
Examples
In this section, we take linear and nonlinear first order initial value problems to check the A-stability region of Taylor collocation method. We should remind that one can also perform the stability analysis for nonlinear problems by knowing that the model equation (14) is practically the local linear approximation (also known as a linearization) of the considered problems (1) . In other words, the equation (14) is relevant for predicting stability of solutions of the nonlinear ordinary differential equations which can be generated from (1).
Ex 1.
Consider the simple linear equation
with any initial condition. In order to guarantee that the round-off and truncation errors will decay, we need to choose 
1
N  is too small to obtain satisfactory approximate solution. Therefore, one needs to take the extended interval to gain the A-stability and better results for Taylor collocation method.
Discussion
In this paper, we examine the stability of Taylor collocation method. Our results show that Taylor collocation method for initial value problem is equivalent to a subset of the implicit Runge-Kutta methods. By using the some familiar information about Runge-Kutta methods, we prove that Taylor collocation method is absolutely stable for the model problem. We also take different type of ex-amples to illustrate the cases. In the nonlinear case, we emphasize that one needs to linearize the equation to investigate the stability. It is worth mentioning that these results can also be expanded to the higher order functions by following the same procedure.
